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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This is a regular application filed under 35 U. 5 
S.C. § 111(a) claiming priority, under 35 U.S.C. § 119(e) 
(1), of provisional application Serial No. 60/268,773, 
previously filed February 14, 2001 under 35 U.S.C. § 
111(b). 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates generally to the *s 
field of medical catheters. More specifically, the present 
Invention relates to recovery catheters used In distal em- 
bolic protection. 

2. Description of the Related Art 20 

[0003] Medical catheters are commonly employed for 
use in a lumen of a patient's body. The catheter enters 
the patient's body at an access site and is advanced 
through the lumen to a treatment site. The lumen may 2s 
be in the patient's vascular system, such as that in a 
blood vessel, and the treatment site may be a stenosed 
region where a portion" of the lumen is narrowed due to 
build-up ; 6f?maferial on the lumen wall. Such harrowing 
is kriowh a^stenosi?: - " :-^:m:m^m^ P30 
[0004] The catheter may be guided to the treatment " 1 . 
site through utilization of a guidewire. The guidewire typ- 
ically is an elongated member having a distal end and 
a proximal end. The guidewire enters the patient's body 
at the access site and is advanced through the lumen 35 
to the treatment site. The distal end of the guidewire is 
the end nearestthe treatment site, whereas the proximal 
end is the end nearest the access site. The guidewire 
may be positioned in proximity to the treatment site such 
that the distal end of the guidewire is moved to the prox- 40 
imal side of the treatment site (i.e., the side of the treat- 
ment site nearest the access site). The distal end of the 
guidewire may then cross the treatment site, thereby po- 
sitioning the distal end of the guidewire on the distal side 
of the treatment site (i.e., the side of the treatment site 45 
farthest from the access site). 

[0005] Generally, catheters comprise an elongated 
tubular body having a central lumen in which a guidewire 
can be received. The catheter is advanced along the 
guidewire for positioning at the treatment site. The cath- so 
eter has a distal end that is advanced through the lumen 
of the patient's body to the treatment site. 
[0006] The catheter body may have a diameter that 
makes it particularly difficult to advance the catheter 
across the treatment site if a stenosis has significantly 55 
narrowed the lumen. The prior art addresses this prob- 
lem by providing a distal tip of the catheter which is ta- 
pered radially inwardly in the distal direction. Such a ta- 



pered distal, tip allows for the catheter to be advanced 
through a narrowed portion of the lumen. 
[0007] Another problem that may occur is that the 
catheter can become caught on a stent. A stent, gener- 
ally, is a tubular wire structure that is positioned within 
a stenosis to maintain the lumen diameter. When a cath- 
eter is advanced across an area having a stent, the dis- 
tal tip may engage an edge of the stent which can pre- 
vent further advancement of the catheter. Catheter ad- 
vancement past a stent can be especially problematic 
when the stent is implanted in a curved vessel, or when 
the stent is underexpanded or incompletely deployed. 
This problem has been addressed by the prior art by 
rounding the distal tip or tapering the distal tip down to 
the approximate outer diameter of the guidewire in order 
to minimize the surface area available for engagement 
of the stent. This approach also provides for a gradual 
transition from the wire diameter to the catheter outer 
diameter, and tends to center the catheter in relation to 
the stent to facilitate stent crossing. 
[0008] Some devices, such as embolic protection de- 
vices, may have a host wire that acts as a guidewire for 
other devices including catheters. An embolic protection 
device is a collapsible/expandable filter affixed to the 
distal portion of a guidewire. In the collapsed state, the 
embolic protection device is compressed toward the 
guidewire to give the device a smaller. diametensoithat 
it can be advanced within the JumeYc'^ 
state the embolic protection, devicerdeplbysr'butwardly 
from the guidewire such that; itfeh gages ' th^wall^:the 
lumen and acts as a filter Ib^aljpwingfcfluid^^uch^s 
blood, to pass therethrough -while .preyentirig'emboli^or. 
particulate matter entrained in the fluid from passing 
therethrough. Emboli or particulate matter may become 
entrained in the fluid when a stenosis is being treated. 
Such particles of the stenosis may become dislodged 
due to contact with a treatment apparatus. Such treat- 
ments may include ablation procedures such as 
thrombectomy and atherectomy procedures, balloon 
angioplasty, stenting, and the like. 
[0009] After treatment, the embolic protection device 
is typically collapsed in a manner wherein it maintains 
the captured emboli as the device is removed from the 
lumen. To prevent the release of the emboli back into 
the fluid, It is preferred to enclose the embolic protection 
device within a catheter. The collapsed embolic protec- 
tion device has a proximal periphery that is greater than 
that of the outer diameter of the guidewire. Prior art cath- 
eters for receiving an embolic protection device have a 
relatively large diameter so as to receive the captured 
emboli containing protection device. Such catheters can 
be difficult to advance through a narrowed portion of a 
vessel or may become caught on a stent. If such cath- 
eters are provided with tapered tips, as described 
above, it becomes difficult to receive an emboli filled pro- 
tection device within the catheter due to the small diam- 
eter of the tapered catheter tip. Alternatively, if prior art 
catheters are made small in diameter to facilitate stent 
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crossing, it is possible that captured embolic material 
will be extruded through the distalmost part of the pro- 
tection device filter during withdrawal of the emboli filled 
protection device into the small diameter catheter. 
[0010] It would be advantageous to provide a catheter 
having a distal tip that allows passage of the catheter 
through a narrowed orstented portion of a lumen, while 
being able to receive an embolic protection device 
therein. 

SUMMARY OF THE INVENTION 

[0011] The present invention is an improved catheter 
for use in recovery of an embolic protection device. It is 
intended for use in a lumen of a patient's body such as 
a blood vessel. A distal tip of the catheter permits facile 
advance through a narrowed portion of the blood vessel, 
such as a stenosed region, and can conform in a manner 
to receive, for example, an embolic proLeclion device 
having a diameter greater than the inner diameter of the 
distal tip. 

[001 2] An object of the invention is to provide a cath- 
eter that can cross atents or poorly deployed stents and 
yet can conform in a manner to receive an embolic pro- 
tection device having a diameter greater than the inner 
diameter of the distal tip. " 
[001 3] Another object of the invention js.toj provide, sl.u 
catheter that can cross stents or poorly .deplpyed stents -J 
and.yet can»:receive.an;embolic :prot^ctibn^4eVirai wlth^;~ 
outcausihguextrudecbemboli^iKan^r^i' ^i&ffcrrfsi&fs^' 
[001 4] iYet another objectof the^inSention is to provide*, 
a.catheter-wjth a large, vol ume -capacity Tthat-can cross^ 

stents or poorly deployed stents: i5ir<r 

[0015] Yet- another object of the invention is to provide.- 
a catheter tip that expands radially while receiving an. 
embolic protection-device having a diameter greater*- 
than the inner diameter of the distal tip. 
[0016] The current invention comprises a tubular 
member having an: inner diameter positionable over a- 
guidewire having a device, such as an embolic protec- 
tion device, carried proximate the distal end thereof. The 
distal tip,is foirned ot a. compliant material and has an 
inner diameter less than the diameter of a deployed em- 
bolic protection device. The material adapts to conform- 
Ingly receive the protection device therein as the device 
is drawn into a lumen in the distal tip. 
[0017] A preferred embodiment of the present inven- 
tion comprises a distal tip attached to a main catheter 
body. The distal tip is defined by a body having a taper 
decreasing in a direction toward the distal end. The tu- 
bular body defines a wall forming a lumen therein. At the 
distal end, the wall of the body curves inward toward the 
lumen, thus forming a rolled tip. The distal tip is made 
of a compliant material that adapts to conformingly re- 
ceive a device such as an embolic protection device. 
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5 FIG. 1 is a side sectional view of a distal tip in ac- 
cordance with the present invention mounted to the 
distal end of a catheter; 

FIG. 2 is a view, similar to FIG. 1 , Illustrating an al- 
ternative embodiment; 
10 FIG. 3 is a view of the present invention illustrating 
a distal protection device beginning to be drawn 
therewithin; 

FIG. 4 is a view similar to FIG. 3 illustrating the pro- 
tection device being drawn into the distal tip and de- 
is forming the distal end thereof; 

FIG. 5 is a view similar to FIGS. 3 and 4 illustrating 
the diatal tip having captured the protection device. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] The device shown in FIG. 1 is suitable for use 
on a medical recovery catheter. The distal tip 1 0 com- 
prises a tapered member. The member has a wall 34 
that defines a lumen 30. The lumen 30 extends through 
the length of the distal tip 1 0. The lumen 30 extends from 
the proximal end 20 of the distal tip 10 to the distal end 
24 of the distal tip 10 to form an aperture through the 
distal tip 1 0. The distal end 24 is the end located farthest v. 
f from the attachment to the main catheter bodyj40\rand b 
30 " the proximal ^ritf 20'isihe£ 

_ ,.eter body. 40. ^^:7 ^£1^ l(c£ $i;Cj~h&.c&tt*^ 

[0020] A catheter body 40^ suitable for use- with -the:— ^ 

present invention;' is a tubular member-that has a lumen 

therethrough, The catheter lumen is in- communication 

35 withthe Iumen30ofthe distal tip 10. The catheter lumen 
42 is in communication with the lumen-30 of the distal — 
tip 1 0 when the distal end 44 of the catheter is connected 
to the proximal end 20 of the distal tip 1 0. The catheter 
body may optionally contain a radiopaque marker band 

40 50 in the general vicinity of the distal end 44*of thecath- 
eter. The radiopaque marker band may be entirely within 
the catheter body 40, entirely within the proximal portion . 
of the distal tip, or any combination thereof. 
[0021 ] The wall 34 of the distal tip 1 0 has a given thick- 

45 ness. The wall thickness can be uniform or be tapered. 
In one embodiment, the wall 34 has a taper decreasing 
to a lesser thickness as the wall progresses in the distal 
direction as shown in Fig. 2. 

[0022] The lumen 30 of the distal tip 10 can have a 
so uniform diameter along the length of the distal tip 1 0 or 
it may be tapered. In one embodiment, the lumen of the 
distal tip 30 tapers narrowingly in the distal direction. 
Thus, the lumen. diameter can decrease as it progresses 
in the distal direction. 
55 [0023] The distal end 24 of the distal tip 1 0 can have 
a rolled tip as at 32. The portion of the wall 34 at the 
distal end 24 of the distal tip 10 can be rolled inward 
toward the axis 52 of the lumen 30 to form the rolled tip 
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32. 

[0024] The wall 34 of distal tip 1 0 has an Inside sur- 
face 36 and an outer surface 3B. At the rolled tip 32, end 
22 is shown as facing inwardly toward the lumen 30. The 
end 22 is facing generally radially inwardly. The outer 
surface 38, over most of the length of the distal tip 1 0, 
faces generally radially outwardly. However, at the rolled 
tip 32, the outer surface 38 is curved so as to face in the 
distal direction to define a distal contact surface 26. 
[0025] The present invention can be used in the lu- 
men of a human body, such as in a bloodvessel 54. The 
rolled tip 32 is especially designed for crossing a stented 
or otherwise constricted region of a blood vessel 54. A 
stent is a generally tubular member having a wire wall 
defining the boundary of the blood vessel lumen. The 
catheter must pass through the lumen defined within the 
stent in order to cross the stented region. As a catheter 
in accordance with the prior art Is advanced within the 
blood vessel, the distal end of the catheter can become 
caught against an axial end of the stent. This is partic- 
ularly true at a curve in the blood vessel 54, or when the 
stent is underexpanded or incompletely deployed. More 
specifically, the end of the catheter may engage an axial 
end of the stent. This can prevent the catheter from be- 
ing able to advance farther into the bloodvessel 54. Sim- 
ilar problems may occur in a constricted or stenosed re- 
gion of a blood vessel. 

[0026] The rolled tip configuration in accordance with - 
the present f invention :can prevent such? problems 1 : 1 
catheter utilizin^the' distal tipt10:^aving|avrollerditip?32 : 
described herein? ;is inserted jhto a blood vessel. <The% 
distal tip 1 0 is advanced to a"stented=regiori of the-blood 
vessel. The'rolled tip^io is curved, as- previously dis- 
cussed, such that the outer portion of the wall 34 at the 
rolled tip 32 defines contact surface 26. As the distal tip 
10 is advanced through the region, the contact surface 
26 of the rolled tip 32 may engage a stent. The rolled tip 
32 prevents the distal tip 10 from becoming impassibly 
engaged with the stent. As the ! distal *tip~10 is< urged: 
across the stented region, the rolled tip 32 may contact - 
the stent, but it will deflect from the point of contact and 
be urged away from the stentv Thus* -where the. outer 
surface 38 contacts the stent, the distal tip 1 0 can con- 
tinue advancing past the stent as a result of non-en- 
gagement with the axial end of the stent and allowing 
the distal tip 10 to continue advancing within the blood 
vessel 54. 

[0027] The distal tip 10 can also function to capture, 
for example, a protection device 58 within the lumen 30. 
Lumen 30 is of a given diameter. The distal tip 1 0 is con- 
nected to a catheter such that the distal tip lumen 30 is 
in smooth communication with a catheter lumen 42. 
[0028] A device 58 to be captured within the lumen 30 
might be, for example, an embolic protection device. A 
guidewire extends proximal with respect to the protec- 
tion device 58, extending through the lumen 30 of the 
distal tip 1 0 and catheter 40. The device is typically po- 
sitioned distal to the distal tip 10 and is secured to the 
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guidewire. The protection device 58 has a diameter that 
is typically greater than that of the distal tip distal end 24 . 
[0029] Again, the distal tip 1 0 is made of a compliant 
material such that the protection device 58 can be fac- 
ilely received into the distal tip lumen 30. As the protec- 
tion device 58 is drawn toward the distal tip 10, it will 
first contact the rolled tip 32 at the contact surface 26. 
The rolled tip 32 may be urged elastically inward as the 
device enters the lumen 30 (Fig. 3). After the device 58 
has been fully drawn in the proximal direction relative to 
distal tip 10, the rolled tip 32 reaches a point where It 
ceases to be engaged by the device, and it will return to 
its undeflected configuration (Fig. 5). As the device 58 
is being drawn into the lumen 30, however, the lumen 
30 will adapt to conformingly hold the device 58 therein 
and rolled tip 32 will expand radially to accommodate 
the periphery of the device (Fig. 4). The device 58 will 
eventually have become fully housed within the catheter 
lumen, and the distal tip 1 0 returns, as discussed above, 
substantially to its original configuration. 
[0030] It will be understood that resilient material 
forming the distal tip 1 0 prevents the escape of emboli 
when the embolic protection device 58 is captured. At 
least a portion of the wail of the distal tip 10 closely en- 
compasses the periphery of the protection device 58 
and assumes the shape of the periphery. As a result, 
emboli are prevented from passing between the periph- 
ery of the protections device 58 and the wall of the distal 
:tip;.10rEmbbli;wlthiri :the protection device t58*are pre^ 
ventedifrbm^being released back intoLthe;blp6dlVesisel.C!p^:li; 
'CQnfce the protection -device 58^has' been /received within,: 
the-:cathetervlumen, - the distal tip f 0 resumes "substah-. 
tially the size, shape, and dimensions of ^original con-: 
figuration; - — - — - '- : ■ * v -v- :- • 

[0031] The distal tip 1 0 is a soft, deformable tip made 
of an elastic, compliant material: Suitable materials for 
making the distal tip include thermoplastic polymer and 
polymer blends or thermoset polymers such as silicone 
or silicone blends with a low durometer. One such ma- 
terial is a 35/40 D Pebax blend. Any otherappropriate 
compliant materials may, however, be used. 

[0032] The polymer tip may be filled with radiopaque * - ^wau^ wf$*** 
materials such as barium sulphate, bismuth subcar- 
bonate, tungsten powder, and the like. The tip 10 can 
be molded or formed using a heated die or in any other 
such method. Radlofrequency induction heating, elec- 
trical resistance heating, conduction heating, or any oth- 
er method may be used. The preferred dimensions of 
the formed tip 10 will, of course, depend on the dimen- 
sions of the catheter, For example, a range of catheter 
sizes is from 4.2 F to 6.0 F, with corresponding inner 
diameters of 0,042 inches and 0.062 inches, respective- 
ly. These catheters might have distal tips with rolled dis- 
tal inner diameter's of 0.025 to 0.050 inches, respective- 
ly. The diameter of the distal tip lumen 30 can be con- 
stant or tapered toward the distal end. The tip 1 0 may 
be attached to the catheter by any appropriate method 
such as a unitary design, heating, adhesive bonding, or 
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[0033] It will be understood that this disclosure, in 
many respects, is only illustrative. Changes may be 
made in details, particularly in matters of shape, size, 
material, and arrangement of parts without exceeding 
the scope of the invention. Accordingly, the scope of the 
invention is as defined in the language of the appended 
claims. 
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catheter is advanced within a blood vessel. 

11. The distal tip according to Claim 10 wherein said 
catheter has a lumen and said catheter is advanced 
oyer a guidewire extending therethrough. 

12. The distal tip according to Claim 11 wherein said 
wall has an outer surface, wherein, as said device 
is drawn into said distal tip, a portion of said device 
contacts a portion of said outer surface of said 
curved portion of said wall. 



K - ,*v<r-«r. 



1 . A distal tip for a medical catheter, comprising: 

a member having a wall defining a lumen, said 
member being positionable within a blood ves- 
sel such that said member is able to capture a 
device within said blood vessel, distal of said 
member, as said device is drawn toward said 
lumen, said member being adaptable to con- 
formingly hold said device within said lumen. 

2. The distal tip according to Claim 1 wherein said 
member tapers radially inwardly toward a distal end 
thereof. 

.3.5. ?. JheidistaLtipjaccording to Claim 2 wherein said tip 
-dsiattacheclJOf a distal end of a catheter? 

oeifibe cdistateflP- laccprdi ng. to: Claim ^ f :wherein^said::i 
vEleatheterdisippsitipnQd wjthij^a^ 

J?.Q.dy:.;r iTf ?r% £ c>; ic- J. i^-Mr-M: ; •« 

The distal tip according to Claim 3 wherein said 
catheter is positioned within a blood vessel. 



13. The distal tip according to Claim 12 wherein said 
curved portion accommodates said device into said 

is lumen of said distal tip. 

14. The distal tip according to Claim 13 wherein said 
device is drawn toward said catheter, and wherein 
said diatal lip conforms to said device as it is so 

20 drawn. 

15. The distal tip according to Claim 14 wherein said 
device is a protection device. 



25 16. The distal tip according to Claim 15 wherein said 
distal tip has a diameter that decreases as it 
progresses towards said curved-portion^ ^ i; >; a*. « 



17. .A Gathetecicomprising: :t 



■■ ~4« 



6. The distal tip according to Claim 5 wherein said 
catheter has a lumen and said catheter Is advanced 
* —along a guidewire-disposed within said lumen in 
•said catheter. ■ - — ^-^ 40>. 



* : r ; ; "^arwall -defining a lumen- having ;a periphery r 
n. - -i :--. wherein said tubular member has a taper from - 
.. .. -.— -a proximal end towards a rolled distal-end 
35 . wherein at said distal end said wall curves in- 

- r r - wardly towards said lumen wherein a device 
having a greater periphery is urged into said lu- 
men and said lumen adapts to conformingly re- 
•r - -r-r. ^ ceive said:greater periphery. 



7. The distal tip according to Claim 1 wherein said de^ 
vice is an embolic protection device. 

8. A catheter having a distal tip, comprising: 

a wall defining the distal tip, said tip defining a 
lumen, the lumen having a distal end, wherein 
said wall has a curved portion at said distal end 
curving inwardly toward an axis of said lumen, 
said lumen having a diameter adaptable to ac- 
commodate a device having a diameter. 

9. The distal tip according to Claim 8 wherein said dis- 
tal tip is attached to a distal end of a catheter mem- 
ber. 

10. The distal tip according to Claim 9 wherein said 



18. The distal tip according to Claim 17 wherein said 
...... distaWipJs-attached.to a distal end of a catheter. 

19. The distal tip according to Claim 18 wherein said 
45 catheter is in a lumen of a patients body. 

20. The distal tip according to Claim 19 wherein said 
device is an embolic protection device. 

so 21 . The distal tip according to Claim 20 wherein said 
distal protection device has particulate matter 
therein. 

22. The distal tip according to Claim 21 wherein said 
55 distal tip is attached to a distal end of a catheter. 

23. The distal tip according to Claim 22 wherein as said 
embolic protection device is urged into said distal 
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tip, at least a portion of said particulate matter is pre- 
vented from entering said lumen of said patients 
body. 

24. The distal tip according to Claim 23 wherein as said 
distal protection device is urged in proximal direc- 
tion said distal tip conforms to said greater periph- 
ery. 

25. The distal tip according to Claim 24 wherein as said 
protection device is urged proximal to said distal tip, 
said lumen returns substantially to its periphery. 

26. The distal tip according to Claim 25 wherein said 
protection device is received within said catheter 
body. 

27. A medical device comprising: a catheter having at 
leasl a single tubular member, said tubular member 
extending to a distal end; and a distal tubular mem- 
ber connected to and in communication with said 
catheter distal end wherein said distal tubular mem- 
ber has a wall forming a boundary about a lumen 
wherein said wall has a thickness that is tapered 
towards a distal end having a lesser thickness, said 
distal end of said wall being rolled inwardly towards 
said lumen forming a rolled tip whereinas said med^ 
ical device is positioned within a bloodvessel said : 
rolled tipls'able- to^receiveTa protection: device into 

*x :^said;lumenfwHerein a corresponding portion of said- 
t lumen cdmplies : totf 

vice that isin contact with said.cbrresporidinglpbr^ 
..... *tion/ — — -rr-;- :rz: l^- 



33. The medical device according to Claim 27 wherein 
after said protection device is received within said 
catheter, said distal tip returns substantially to its 
original configuration. 

34. The medical device according to Claim 27 wherein 
said distal tip comprises a conformable material. 
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28. The medical device according to claim 27 wherein 
said protection-device has a periphery wherein said 
lumen has a periphery prior to receiving said pro- 
tection device that is less than said periphery of said 
protection devicer" - :r 

29. The medical device according to Claim 27 wherein 
... - said rolled tip is able to contact a portion of a stent 

at an area of contact and said area of contact will 
be on an outer surface of said wall. 

30. The medical device according to Claim 29 wherein 
said contact surface is configured such that said 
distal tip is advanced across said stent. 

31. The medical device according to Claim 27 wherein 
said protection device contains captured emboli 
and said distal tip is able to comply to said periphery 
such that emboli are prevented from releasing into 
said blood vessel. 

32. The medical device according to Claim 27 wherein 
said distal tip has a low durometer. 
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Recovery catheter having a rolled tip 




.. Recover!' -;f ' 



(57) A.distal tip (10) for use with a medical catheter. 
The tip includes a member having a wall (34) which de- 
fines a lumen (30) therewithin. The wall has a portion at 



a distal end thereof, the portion Tpurvin'g inwardly toward 
an axis of the lumen. The lumen is provided, with a di- 
ameter adaptable to accommodate a device to be re- 
covered therewithin. 



Fig.5 
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